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Kiamath-Pit clade.—The Klamath + Pit clade is
composed not only of samples from widely scat-
tered localides in the Klamath and Pir Rivers
but also thaose from south-coastal (i.e., San Ben-
ito River) and eastern California (i.e., Eagle
Lake). Two general scenarios may explain the
close relationship bewtween the Pit River and the
south-coastal San Bonito River (Pajaro Basin).
Rhinichifns osculus may have entered the Pajaro
Basin by way of a headwater transfer with the
Sant Joaquin River {Snyder, 1903; Murphy,
1941). Prior 1o 1.5 mya, the Sacramento River
also flowed through the San Francisco Trough
to Monterey Bay, whereas the San Benito River
flowed north inte San Francisco Bay (Taylor,
1085:312, fig. 38). The general extension of the
Sacramento River ichthyofauna into south-

__coastal drainages was clearly demonstrated by

these patterns (Snyder, 1903), as represented an
extension of the R. osculus form iu the Snake

River (Jordan and Evermann, 1896; Cornelius,
1069).

The Pit River is centrally positioned in this
region and was the center of intense orogeny
and volcanism during Pliocene and Pleistocene.
The Rlamath-Cascade region acted as a single,
coherent block when its western end was dis-
placed 340 km to the south abowt 20 mya (Ma-
gill and Cox, 1981). Thus, a close relationship
between Klamath and Pit Rivers may in part be
the result ol these drainage realignments
(Minckley et al., 1986). Fossils from the early
Pliocene connected both Pit and Klamath Ba-
sins with the premodern Snake River as the lat-
ter drained 1o the Pacific Ocean (Miller and
Smith, 1¥7; Smith, 1975; Tavlor, 1985), The po-
sition of this clade in Figure 2 points 10 its an-
cient connections, but the timing is clearly un-
certain, in part because of a lack of physical ev-
idence coupled with the uncertainty in aging
fossil materials (Smith et al., 2000).

Bonneville Basin and the origin of Rhinichthys os-
cuhes —The numerous examples of differenti-
ated launa in the Bonneville Basin were recog-
nized by Cope and Yarrow (1875) as stemming
from long intervals of piecemeal isolation,
Their conclusions are strongly supported by the
patterns we uncovered in R, oscudus, For exam-
ple, a majority of haplotypes from the Northern
Bonneville clustered with the Deschutes River
(DSC), whereas one (i.e., Box Flder County,
UT; BOXI1) was consistently sister to the Colo-
rado River. Southern Bonneville haplotypes
were also sister to the Upper Colorado, whereas
two highly divergent haplolypes were sister 10
the Lower Snake {(Clearwater River; CLR). Tay-
lor (1983; 1985:296, fig. 25) suggested a Late-
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Miocene dramage connection between south-
castern Idaho and the lower Colorado River Ba-
sin, a route supported by living and fossil mol-
luses in western Bonneville Basin, Hubbs and
Miller (1948) identificd this drainage as a struc-
tural trough leading 1o Pluvial White and Car-
penter Lakes. This north-south connection be-
tween the Bonneville Basin and the Colorado
River is also reflected in the distribution of Gila
(now Snyderichthys) coper (Johnson and Jordan,
2000). Haplotypes of this species are separated
into northern (e.g., Bear and upper Snake Riv-
ers} and southern (e.g., Utah Lake and Sevier
River) clades, with the northern clade more ge-
netically similar 1o the outgroup taxon (Lepido-
meda mollispinis mollispinis) from Virgin River.
The fragmented history of the Bonneville Basin
is clearly evident, and these studies provide
compelling evidence of its role as a north-south
condutit between southern ldaho and the Col-
orado River,

Tavlor's (1985) western Bonneville route
crossed the drainage of Big Spring Creck, at the
upper end of Snake Valley (Toocle County,
UT), where Smith (1978) noted a distinet, un-
described dace that shared many “spring iso-
late” characters with the extinet R, deacond (Mill-
er, 1984:mable 2}, Qur two divergent southern
Bonneville haplotypes (i.e., Big Springs Creek
[BSC2| and Sevier River [SEV4]) di{fered from
conspecilics by greater than ecight restriction
sites. Fincling two highly divergent haplotypes at
the same locality represents an uncommon
Type-11 phylogeographic situation (Avisc et al,,
1987), generally attributed to secondary contact
among allopatric populations. Qur study sug-
gests these divergent. southern Bonneville hap-
lotvpes may represent a widespread and unde-
scribed form related to K. esenfus but with an
earlier connection to the north, This is sup-
ported by the position of these Southern Bon-
neville haplotypes in our trees, and by the basal
location of Northern Bonneville, Los Angeles
and Middle Colorado Basins within their re-
spective clades. The close alfinity of’ Colorado
River R. osculus with those in the Los Angeles
Basin, but not with Death Valley, sugpgests two
diiferent invasious in that region, The Northern
Bonneville-to-Colarado-o-los Angeles connec-
tion was likely earlier than the Lahontan-to-
Owens connection,

It is tempting 1o infer from these data the
origin of R. oseufus in Western North America,
Patterns of haplotvpe distribution suggest that
the premodern Snake River and Lake ldaho
had major roles in the distribution and subse-
quent evolution of R escufus in surrounding ba-
sins, The basal position of those basins allied to
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the early Snake River (c.g., Upper Snake,
Northern Bonneville, Klamath-Pit, and Colum-
bia) could represent the earliest appearance of
modern R osculus in the west. Bonneville hap-
lotypes join the tree at separate yet earlier po-
sitions, and may represent an early K. osculus
form in the western paleodrainages of the Mo-
have and Sonoran desert provinces (sensu
Minckley et al., 1986). The long isolation of the
Los Angeles Basin, and its sister relationships
with the Northern Bonneville and Colorado
clades suggest the possibility of an earlier R os-
culuslike form in this region. The presence of
" undescribed Rhinichthys (Peden and Hughes,
1988) in the Columbia River Basin also indi-
cates that evolution of the group may have been
northerly, possibly associated with retreating ice
“(McPhail and " Lindscy, 1986; Bodaly ct al,
1992). However, the early Bonneville-to-Colora-

da disiribution, coupled with (e accompanyifig
fishhook drainage, suggest that R. oseufus may,
in fact, have originated much earlier, possibly
associated with Tertiary Lake Idaho.
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